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Both analog and mathematical  model ing of  an aircraf t  operat ing in  contact  
w i th  the  g round ,  e i the r  l and ing ,  t ak ing  o f f  o r  t ax i ing ,  r equ i r e s  a reasonably 
d e f i n i t i v e  knowledge of  t i r e  s t i f f n e s s  c h a r a c t e r i s t i c s .  Such d a t a ,  when it 
e x i s t s ,  i s  s p a r s e a n d  s c a t t e r e d  i n m a n y l o c a t i o n s .  F o r  many t i r e  s i z e s  s t i f f n e s s  
properties  have  never  been  measured.  Furthermore,  both t i r e  v e r t i c a l  and 
l a t e r a l  s t i f f n e s s  a r e  f u n c t i o n s  o f  t h e  t i r e  i n f l a t i o n  p r e s s u r e ,  so t h a t  a n  al-  
most i n f i n i t e  v a r i e t y  o f  s t i f f n e s s  p o s s i b i l i t i e s  e x i s t .  I n  t h e  c a s e  o f  l a r g e  
a i r c r a f t  t i res,  much o f  t h i s  d a t a  i s  s imply  not  ava i lab le  s ince  mechanica l  
equipment t o  g e n e r a t e  it d o e s  n o t  e x i s t  i n  s u f f i c i e n t  q u a n t i t y  o r  s i z e  t o  pro- 
duce the  necessa ry  expe r imen ta l  r e su l t s .  A d e f i n i t e  n e e d  e x i s t s  f o r  some 
method o f  e s t i m a t i n g  a i r c r a f t  t i r e  s t i f f n e s s  p r o p e r t i e s ,  p a r t i c u l a r l y  i n  t h e  
pre l iminary  des ign  s tage  where  it i s  n o t  f e a s i b l e  t o  m e a s u r e  s u c h  p r o p e r t i e s  
experimental ly  . 
T h i s  r e p o r t  p r e s e n t s  m e t h o d s  f o r  e s t i m a t i n g  b o t h  v e r t i c a l  a n d  l a t e ra l  
s t i f f n e s s  c h a r a c t e r i s t i c s  o f  p n e u m a t i c  t i res ,  and compares  such predict ions 
wi th  a l a r g e  amount of e x i s t i n g  e x p e r i m e n t a l  d a t a  w h i c h  h a s  b e e n  c o l l e c t e d  
from various sources .  
1 
11. SUMMARY 
Dimensional  analysis  i s  used as a b a s i c  t o o l  f o r  p r e s e n t i n g  c o l l e c t e d  ex- 
pe r imen ta l  data on b o t h  t h e  v e r t i c a l  a n d  lateral  s t i f f n e s s  o f  p n e u m a t i c  t ires.  
Such a n a l y s i s  i s  aided by a s i m p l i f i e d  f o r c e - d e f l e c t i o n  model f o r  t h e  t i r e  i n  
b o t h  v e r t i c a l  and la teral  modes. 
Us ing  such  techniques ,  ver t ica l  force-def lec t ion  da ta  reduces  qui te  well  
fo r  an  ex t r eme ly  l a rge  r ange  o f  t i r e  s i z e s ,  p l y  r a t i n g s  and i n f l a t i o n  p r e s s u r e s .  
L a t e r a l  f o r c e  d e f l e c t i o n  data, on t h e  o t h e r  hand, only reduces well  f o r  air-  
c r a f t  t i r e s  whose i n f l a t i o n  p r e s s u r e  i s  h igher  than  about  65 psi  and for  which 
t h e  t h i c k  s h o u l d e r  t y p i c a l  o f  a u t o m o b i l e  t i res  i s  absen t .  
T h e s e  r e s t r i c t i o n s  on t h e  t y p e s  o f  t i res  which  can  be  successfu l ly  repre-  
sen ted  in  d imens ionless  form come abou t  due  to  the  bas i c  na tu re  o f  fo rces  gen -  
e ra t ed  in  pneumat i c  t i res .  These may be thought  of  as being due t o  two s e p a r a t e  
s o u r c e s ,  t h e  f i r s t  be ing  the  membrane a n d  b e n d i n g  s t i f f n e s s  o f  t h e  t i r e  c a r c a s s  
i t s e l f ,  w h i l e  t h e  s e c o n d  i s  the  presence  of  the  conta ined  air. I n  c a s e  o f  
v e r t i c a l  d e f l e c t i o n ,  p r a c t i c a l l y  t h e  e n t i r e  f o r c e  r e s u l t a n t  comes about due t o  
t h e  p r e s e n c e  o f  t h e  c o n t a i n e d  air ,  SO t h a t  v e r y  l i t t l e  compensation must be 
made f o r  t h e  e f f e c t s  cjf t h e  c a r c a s s  i n  b e n d i n g .  U n f o r t u n a t e l y  t h i s  i s  n o t  q u i t e  
t h e  c a s e  i n  l a te ra l  deformat ion ,  s ince  here  a t  low p r e s s u r e s  t h e  t i r e  c a r c a s s  
i t s e l f  c a n  c o n t r i b u t e  a s u b s t a n t i a l  amount t o  t h e  o v e r a l l  s t i f f n e s s  p r o p e r t y .  
For t h a t  r e a s o n ,  t h e  l a t e r a l  d a t a  i s  m o s t  s i m p l y  r e s t r i c t e d  t o  t h a t  l y i n g  a b o v e  
a c e r t a i n  l e v e l  o f  i n f l a t i o n  p r e s s u r e ,  w h e r e  t h e  c o n t a i n e d  air r e p r e s e n t s  t h e  
M j G r  part  o f  t he  to t a l  s t i f fnes s .  Fo r tuna te ly ,  t he  mode l ing  and  computa t ion  
2 
of t h e  p r e s s u r e  f o r c e s  d u e  t o  i n f l a t i o n  are much simpler than the model ing of  
t h e  f o r c e s  d u e  t o  t h e  e las t ic  she l l ,  s ince  the  fo rmer  p r imar i ly  depend upon t h e  
t i r e  geometry and i n f l a t i o n  l e v e l .  
I ,  
3 
111. VERTICAL FORCE-DEFLECTION ANALYSIS 
It has been shown i n  a previous  repor t  by  one  of t h e  a u t h o r s ’  t h a t  t h e  
v e r t i c a l  f o r c e s  r e s u l t i n g  f r o m  v e r t i c a l  d e f l e c t i o n  o f  a t i r e  are p r i m a r i l y  as- 
s o c i a t e d  w i t h  t h e  i n f l a t i o n  p r e s s u r e  and t i r e  s i z e  and  geometry. It i s  pos- 
s i b l e  t o  u s e  s u c h  a s imple theory as o u t l i n e d  i n  t h i s  r e f e r e n c e  t o  g i v e  a 
simple e q u a t i o n  r e l a t i n g  t i r e  d e f l e c t i o n  t o  v e r t i c a l  f o r c e ,  and t h e n  t o  c a s t  
t h i s  e q u a t i o n  i n t o  d i m e n s i o n l e s s  form. It w i l l  be useful  t o  g i v e  t h i s  d e r i v -  
a t i o n  h e r e ,  i n  o r d e r  t h a t  t h e  a p p r o x i m a t i o n s  made may b e  c l e a r l y  shown. 
The deformat ion  process  i s  f i r s t  cha rac t e r i zed  by  a geomet r i c  ca l cu la t ion  
o f  t h e  c o n t a c t  area o f  a n  a i r c r a f t  t i r e  w i t h  a f l a t  s u r f a c e .  From Figure 1, it 
i s  s e e n  t h a t  t h e  v e r t i c a l  d e f l e c t i o n  i s  g iven  by 
A v  = - (1 - COS e )  d 2 
where 
A = v e r t i c a l   d e f l e c t i o n  
V 
d = o u t s i d e  t i r e  diameter  
8 = ang le  o f  geomet r i c  i n t e r sec t ion  o f  g round  p lane  and  t i r e  
and t h e  c o n t a c t  p a t c h  l e n g t h  i s  given by 
L - d s i n  €3 
u 
where L = c o n t a c t  p a t c h  l e n g t h  as shown i n  Figure 1. 
4 
'Ground Plane 
Figure 1. Side  view o f  deformed t i r e .  
Assuming A << d ,  one may w r i t e  
V 
and 
- L -  
d 
- e  
which  y ie lds  
A - -  - L2 
v 4d 
Assuming a c i r c u l a r  c r o s s  s e c t i o n ,  a s  shown i n  Figure 2, t h e  v e r t i c a l  de- 
f l e c t i o n  and  con tac t  pa t ch  wid th  are r e l a t e d  by 
A = r l (1  - cos @ )  
V 
where 
r1 = c r o s s - s e c t i o n a l  r a d i u s  






Figure  2. C r o s s  s e c t i o n  o f  a i r c r a f t  t i r e .  
Assuming A << r l ,  one may w r i t e  a s  b e f o r e  
V 
b2 A = -  
v 8rl 
A further approximation assumes 
rl w/2 




Now, a s s u m i n g  a n  e l l i p t i c a l  c o n t a c t  p a t c h  w i t h  a n  a v e r a g e  p r e s s u r e  v a l u e  
e q u a l i n g  t h e  i n f l a t i o n  p r e s s u r e ,  t h e  v e r t i c a l  l o a d  may be approximated by 
P -  7T” 
- L b  
2 2 Po 
6 
o r  
P - n p  A G  
N 
o v  
where 
P = v e r t i c a l   l o a d  
PO 
= i n f l a t i o n  p r e s s u r e  
Av = v e r t i c a l  d e f l e c t i o n  
d = o u t s i d e   t i r e   d i a m e t e r  
w = t i r e  s e c t i o n  w i d t h  
The re  a re  seve ra l  poss ib l e  d imens ion le s s  wslys of e x p r e s s i n g  t h e  v e r t i c a l  
d e f l e c t i o n .  One p o s s i b i l i t y  would  be t o  u s e  t h e  r a t i o  A /H, which i s  o f t en  
done i n  r a t i n g  t i r e  d e f l e c t i o n  c h a r a c t e r i s t i c s .  F n y s i c a l l y  t h i s  r e p r e s e n t s  t h e  
r a t i o  o f  t h e  v e r t i c a l  d e f l e c t i o n  t o  s e c t i o n  h e i g h t ,  a n d  t h i s  r a t i o  i s  undoubt- 
V 
e d l y  i m p o r t a n t  i n  f i x i n g  o v e r a l l  t i r e  d e f l e c t i o n  b e c a u s e  it d e t e r m i n e s  t o  a 
g r e a t  e x t e n t  b o t h  t h e  membrane and bending s t resses  and hence cord loads,  se t  
up i n  t h e  d e f l e c t e d  r o t a t i n g  t i r e .  For t h i s  r e a s o n ,  t h e  r a t i o  A /H i s  va luab le  
f o r   l o a d   r a t i n g ,  a n d  h e n c e   h y s t e r e s i s   c h a r a c t e r i s t i c s  i n  a t i r e .  On t h e  o t h e r  
nand, a s  f a r  a s  t h e  v e r t i c a l  l o a d - c a r r y i n g  c a p a b i l i t i e s  o f  a t i r e  a r e  concerned, 
it seems  more r e a s o n a b l e  t o  u s e  t h e  r a t i o  A /d ,  which  phys ica l ly  represents  
a r a t i o  o f  v e r t i c a l  d e f l e c t i o n  t o  t i r e  d i a m e t e r .  The reason for t h i s  i s  t h a t  
V 
V 
- the  length  of  the  contac t  pa tch  i s  much more d i r e c t l y  r e l a t e d  t o  t h i s  r a t i o  
t h a n  t o  t h e  r a t i o  o f  A /H, so t h a t  p h y s i c a l l y  the contact ares.  can probably be 
b e t t e r  r e p r e s e n t e d  b y  A /d. 
V 
V 
Based on t h i s  l i n e  o f  r e a s o n i n g ,  Eq. ( 9 )  becomes 
7 
P AlJ  V = n -  
p d J d w  
d '  
0 
These two q u a n t i t i e s  a r e  p l o t t e d  i n  F i g u r e  3 w i t h  t h e  s l o p e  o f  n superim- 
posed a s  a s o l i d  l i n e .  The d a t a  p o i n t s  r e p r e s e n t  l o a d - d e f l e c t i o n  d a t a  f o r  a wide 
range of t i r e s .  The  extremes  of t h i s  r a n g e  a r e  a n  e a r t h m o v e r  t i r e  w e i g h i n g  2650 
lb a t  one end  and a 4 . ? - i n .  ou t s ide  d i ame te r  model a i r p l a n e  t i r e  w e i g h i n g  a 
few  ounces a t  t h e  o t h e r  e n d .  Both of these  t i r e s  l i e  c l o s e  t o  t h e  l i n e  drawn 
rep resen t ing  a slope of  rr. The f a c t  t h a t  most  of t h e  d a t a  f a l l s  c l o s e  t o  t h i s  
l i n e  sugges ts  tha t  the  d imens ionless  parameters  which  have  been  chosen  i n  Eq.  
(10) a r e  w e l l  s u i t e d  t o  r e p r e s e n t  v e r t i c a l  l o a d  d e f l e c t i o n  d a t a .  
From t h e  l a r g e  q u a n t i t y  o f  d a t a  w h i c h  h a s  b e e n  p l o t t e d  h e r e ,  it may be 
concluded that  a good f i r s t  a p p r o x i m a t i o n  t o  t h e  s t a t i c  v e r t i c a l  l o a d  d e f l e c -  
t i o n  c h a r a c t e r i s t i c s  o f  a pneumatic t i r e  i s  go t t en  by  the  use  o f  E q .  (10) .  
This  means t h a t  p r e l i m i n a r y  e s t i m a t e s  o f  s u c h  v e r t i c a l  s p r i n g  r a t e s  c a n  b e  ob- 






Figure 3. Static  vertical load-deflection  data in dimensionless  form. 
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I V .  LATERAL-FORCE  DEFLECTION ANALYSIS 
AS 
t o  some 
e l a s t i c  
p r e v i o u s l y  d i s c u s s e d ,  t h e  e l a s t i c  s t i f f n e s s  o f  the  ca rcas s  in f luences  
e x t e n t   l a t e r a l - f o r c e   d e f l e c t i o n   r e l a t i o n s h i p s .  The i n t e r a c t i o n   o f   t h e  
and  pressure  e f fec ts  has  been  d iscussed  by Dodge, Clark,  and Johnson,  2 
who developed a r a the r  compl i ca t ed  method o f  d e t e r m i n i n g  t h e  c o n t r i b u t i o n  o f  
e a c h  e f f e c t ,  a n d  h e n c e  t h e  t o t a l  l a t e r a l  s p r i n g  c o n s t a n t .  T h i s  a n a l y s i s  was 
p r imar i ly  d i r ec t ed  toward  au tomot ive  t i r e s ,  i n  t h e  low p r e s s u r e  r e g i o n .  For 
a i r c r a f t  t i r e s  w i t h  r e l a t i v e l y  h i g h  i n f l a t i o n  p r e s s u r e s ,  t h e  c a r c a s s  o r  e l a s t i c  
fo rces  a re  ve ry  sma l l  compared to  the  p re s su re  fo rces ,  and  hence  can  be  ig -  
nored  above a c e r t a i n  l e v e l  of i n f l a t i o n  p r e s s u r e .  With t h i s  a s s u m p t i o n ,  t h e  
l a t e r a i  f o r c e  a n a l y s i s  becomes q u i t e  simple, s i n c e  it i s  based on the  concept  
of a s t r i n g  on an e l a s t i c  f o u n d a t i o n  a s  u s e d  i n  Ref.  1. The genera l  a rea  of  
t h e  t r e a d  i s  c o n s i d e r e d  t o  b e  t h e  s t r i n g ,  w h i l e  t h e  s i d e w a l l s  r e p r e s e n t  t h e  
e l a s t i c   f o u n d a t i o n .   T h i s   r a t h e r   d r a s t i c   a s s u m p t i o n ,   w h i l e   q u i t e   c r u d e ,   d o e s  
succeed i n  s i m p l i f y i n g  t h e  a n a l y s i s  s u b s t a n t i a l l y  a n d  f o r t u n a t e l y  y i e l d s  f a i r l y  
good r e s u l t s .  
We f i r s t  d e v e l o p  a n  e q u a t i o n  r e l a t i n g  t h e  t i r e  p a r a m e t e r s  t o  b o t h  t h e  
l a t e r a l  e l a s t i c  f o u n d a t i o n  m o d u l u s ,  o r  s t i f f n e s s ,  r e q u i r e d  i n  t h e  t h e o r y  o f  a 
s t r i n g  on a n  e l a s t i c  f o u n d a t i o n ,  a s  well a s  r e l a t i n g  t h e  t i r e  p a r a m e t e r s  t o  t h e  
tens ion  i n  the   s t r ing .   This   deve lopment  was o r i g i n a l l y  g i v e n  i n  R e f .  1 but  
w i l l  be  r epea ted  he re  so  t h a t  t h e  n a t u r e  o f  t h e  n e c e s s a r y  a s s u m p t i o n s  i s  c l e a r .  
Assuming t h e  r a t h e r  s e v e r e  i d e a l i z a t i o n  o f  t h e  t i r e  cross s e c t i o n  a s  shown 
i n  F igure  4, one obtains  a l a t e r a l l y  deformed cro88 sec t ion  g iven  i n  F igure  5 .  
10 
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Here t h e  u n i t  w i d t h  o f  t h e  t i r e  i s  a c t e d  upon b o t h  b y  t h p  i n f l a t i o n  p r e s s u r e  
and by an assumed s i d e  f o r c e  Q. 
i 
H 
Figure  4. I d e a l i z e d   s e c t i s n  of a i r c r a f t  t i r e .  
Q 




Figure  5 .  Free  body  diagram of deformed t i r e .  
For  the  r igh t -hand  s idewa l l ,  t ak ing  moments about 0 g ives  R 
For small  a, 
11 
- H  w *H 
Q1 - p o 5  + p o 5 y  
For   t he   l e f t -hand   s idewa l l ,   t ak ing  moments about  0 g ives  L 
The t o t a l  s i d e  f o r c e  Q i s  given by 
where K i s  t h e  l a t e r a l  f o u n d a t i o n  modulus f o r  t h e  s t r i n g .  
L 
The o t h e r  q u a n t i t y  n e e d e d  f o r  t h i s  a n a l y s i s  i s  t h e  s t r i n g  t e n s i o n .  P r e s -  
s u r e  v e s s e l  t h e o r y  c a n  b e  u s e d  t o  g e t  on approx ima te  expres s ion  fo r  t h i s  t en -  
s i o n .  R e f e r r i n g  t o  F i g u r e  6, membrane t h e o r y  p r e d i c t s  
where 
N e  = f o r c e / u n i t  a r e a  i n  
t h e  s e c t i o n a l  c i r c u m f e r e n t i a l  
d i r e c t i o n  
r = s e c t i o n a l  t i r e  r a d i u s  
Ne = f o r c e / u n i t  a r e a  i n  t h e  
t i r e ' s  o v e r a l l  c i r c u m f e r e n t i a l  
d i r e c t i o n  
r = o v e r a l l  t i r e  r ad ius  
0 
PO 
= i n f l a t i o n  p r e s s u r e  
t = membrane th i ckness  
12 
Figure  6. The t i r e  membrane. 
R e f e r r i n g  t o F i g u r e  7, No ac t s  ove r  an  a rea  2m t and p a c t s  on an area 
0 0 
II [rz - ( r  - r )2] .  Equa t ing   t hese  two f o r c e s   g i v e s  
0 
N~ t 2nr  = II po [ r z  - (ro-r)21 
0 
or 
o r  
pore Po POr % = t - - ( 2 r o - r )  = 2 t  
13 
Figure 7 .  Tire sect ion  showing Na. 
Refe r r ing  to  F igu re  8 it i s  seen  tha t  t he  a rea  ove r  which Ne ac ts  can  be  
approximated by 
Area = C t  
where C = a c t u a l  t i r e  sec t iona l   c i rcumference .  
Figure 8. T i r e   s e c t i o n a l  a r e a .  
Then the  t ens ion  T i s  given by 
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Now assume t h a t  
r = w/2 
where 
w = s e c t i o n  w i d t h  
r = s e c t i o n  r a d i u s  
so t h a t  t h e  e f f e c t i v e  t r e a d  l e n g t h  i s  a f r a c t i o n  f of  the  comple te  t i r e  circum- 
f erenc e 
c = 2 n r ( f )  (18) 
We now have  expres s ions  fo r  t he  two quant i t ies  needed  for  equat ion  govern-  
i n g  t h e  s t r i n g  on t h e  e l a s t i c  f o u n d a t i o n .  T h i s  e q u a t i o n  of equ i l ib r ium i s  
T 2 - K L u = G  d2u 
where 
T = s t r i n g   t e n s i o n  
u = d i s p l a c e m e n t ,   l a t e r a l  
x = c o o r d i n a t e ,   c i r c u m f e r e n t i a l  
K = foundation  modulus 
L 
KL L e t t i n g  x2 = - , t h e  s o l u t i o n  i s  T 
-h X u = Ae + Be hX 
Consider ing  the  t i r e  d i a m e t e r  l a r g e  compared w i t h  t h e  c o n t a c t  p a t c h  l e n g t h ,  
one obtains  B=O and 
u = Ae -AX 
The o ther  boundary  condi t ion  i s  
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so t h a t  
and 
u = A H e  -AX 
du - = - A R  A e 
dx 
-AX 
The f o r c e  component perpendicular t o  t h e  s t r i n g  u n d e r  a po in t  l oad  i s  given 
by 
a s  shown i n  F igure  9. 
F igure  9 .  S t r i n g   u n d e r   p o i n t   l o a d .  
Using Eq .  ( 2 2 )  
S = 2T AH A = 2 A , f i L  
S u b s t i t u t i n g  t h e  e x p r e s s i o n s  f o r  T and K ob ta ined  previously, t h e  e x p r e s s i o n  
f o r  t h e  l a t e r a l  p o i n t  l o a d  i n  terms of t h e  t i r e  parameters  i s  
L 
where 
S = l a t e r a l   p o i n t   l o a d  




= i n f l a t i o n  p r e s s u r e  
w = s e c t i o n   w i d t h  
H = s e c t i o n   h e i g h t  
f = d i m e n s i o n l e s s  f r a c t i o n  r e p r e s e n t i n g  r a t i o  of a c t u a l  
tread w i d t h  t o  t h e  t i r e  c i r c u m f e r e n c e .  
Equat ion (25)  may be viewed as a r e l a t ion  be tween  d imens ion le s s  quan t i t i e s .  
It c o u l d  b e  w r i t t e n  a s  
S ' AH H 1/2 
7 =&"- (-) 
POW 
H w  
For almost a l l  t i r e s  c o n s i d e r e d  i n  t h i s  s u r v e y ,  t h e  s e c t i o n  h e i g h t  t o  
wid th  r a t io  does  no t  va ry  much, i y i n g  betweer, 0.8 t o  1 .0 .  For  th i s  r eason  
H '/. 
w (-) i s  n e a r l y  a cons t an t ,   and  one may f i n a l l y   a r r i v e   a t   t h e  most  convenient 
set  of  dimensionless  parameters i n  which t o  p l o t  d a t a .  T h e s e  a r e  
S A H  
7 vs  - 
H 
*OW 
'The le f t -hand  te rm i s  t h e  r a t i o  of  l a t e r a l  o r  s i d e  f o r c e  t o  t h e  t e n s i o n  f o r c e  
i n  a s q u a r e  t u b e  o f  c r o s s - s e c t i o n a l  d i m e n s i o n s  w b y w  i n f l a t e d  t o  p r e s s u r e  p o .  
The r i g h t - h a n d  s i d e  r e p r e s e n t s  t h e  t a n g e n t  o f  t h e  a n g l e  o f  i n c l i n a t i o n  o f  t h e  
t i r e  due t o  l a t e r a l  d e f l e c t i o n .  
The r e s u l t s  o f  r e d u c i n g  l a t e r a l  s t i f f n e s s  d a t a  t o  t h e  p a r a m e t e r s  of E q .  
( 2 7 )  a r e  shown i n  F igure  10. S ince  p re s su re  e f f ec t s  a r e  p re sumed  t o  be  pre- 
dominant,  only data i s  t a k e n  f r o m  a i r c r a f t  t i r e s  i n f l a t e d  t o  65 p s i  o r  o v e r .  
Figure 10 shows t h a t  f o r  s u c h  t i r e s  t h e s e  p a r a m e t e r s  s u c c e e d  i n  g r o u p i n g  d a t a  
f o r  a wide  range  of t i r e  geometr ies  and  s izes .  Because  the  4 .5- in .  model  a i r -  
17 
0 
Figure 10. Static  lateral  force-deflection data in dimensionless form. 
18 
c r a f t  t i r e  h a s  no ply s t r u c t u r e ,  t h i s  t i r e ' s  d a t a  f a l l s  i n t o  t h e  same group as  
t h e  d a t a  f o r  t h e  f u l l  s i z e  a i r c r a f t  t i r e s .  
19 
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